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We study the 8 TeV LHC reach on pair produced heavy flavored di-jet resonances. Motivated 
by theories of R-parity violation in supersymmetry we concentrate on a flnal state with two 6-jets 
and two light jets. We exploit b-tagging to reject the background and discuss its importance at the 
trigger level to probe light stops. We present kinematical selections that can be used to isolate the 
signal as a bump in the mass distribution of the candidate resonances. We find that stops with 
R-parity violating couplings giving rise to fully hadronic final states can be observed in the current 
run of the LHC. Remarkably, the LHC can probe stop masses well within the range predicted by 
naturalness. 



I. INTRODUCTION 

A new boson has recently been discovered at the 
LHC [1, 2]. From its production cross section and a pre- 
liminary assessment of its properties it is favored to be 
significantly coupled to the SM matter in a way similar 
to the SM Higgs boson. 

The existence of such a SM-like boson adds new em- 
phasis on a long standing question about the existence 
of Supersymmetry (SUSY) at the TeV scale. In fact, at 
this stage there are indications that, if any, such TeV 
scale SUSY is likely to be non-minimal. An indicator of 
the non- minimality of the realization of SUSY at the TeV 
scale is the fact that the mass of the new boson is too 
large to be naturally accommodated in the Minimal Su- 
persymmetric Standard Model (MSSM) and even in the 
Next-to-MSSM (NMSSM) [3-5]. We take this input as 
a further motivation for non-minimal scenarios of super- 
symmetry. 

Departing from the minimal set-up, we think that one 
should still insist on naturalness in formulating SUSY 
models that can be probed at the LHC. Naturalness re- 
quires that the states with strong interactions with the 
Higgs sector must be light, hence they are the minimal 
degrees of freedom of the Effective Natural SUSY theory 
relevant at LHC energies. The minimal set of states that 
are expected to be light are the stop and the sbottom 
squarks, the higgsinos and the gauginos [6, 7]. 

The first and second generation squarks and the slep- 
tons, on the other hand, do not need to be light by nat- 
uralness arguments. This is particularly relevant consid- 
ering the strong bounds of the LHC on SUSY spectra 
containing light squarks [8, 9]. 

The results of the early LHC on "benchmark" SUSY 
spectra and the great relevance of Natural SUSY from 
the theory perspective [10-15] motivated a recent effort 



to search for third generation squarks. These searches are 
now constraining significant portions of the parameter 
space of Natural SUSY and in many scenarios the mass 
of the stop squark is bound to lie in a strip around rrit [16[ . 
More precisely a large part of the not yet excluded pa- 
rameters space lies close to the line ~ m^^ -'t'mt, where 
is the mass of the Lightest Supersymmetric Particle 
(LSP) supposed to be stable and invisible to the detectors 
in all searches. 

This latter assumption on the nature of the LSP is 
central in the design of current analyses. In fact it defines 
the main limitation of the current searches and the scope 
of several proposals, including ours, to extend them. 

In the context of models with a stable LSP, several 
ideas have been put forward to extend the sensitivity of 
present experiments [17-23[. However, despite the rela- 
tively light mass, a stop with a mass around the one of 
the top quark, i.e. at the heart of the naturalness region, 
remains challenging to observe^. The main difficulty to 
overcome is typically that the final states are too "top- 
like" and therefore difficult to be distinguished from the 
usual SM sources. Particularly problematic is the fact 
that the new physics events lack large missing energy in 
the final state, which is one of the most effective selec- 
tions of the current SUSY searches. 

The difficulty to exclude new physics, even with sub- 
stantial cross section, when it does not give rise to large 
missing energy indicates the status of where ongoing 
searches for SUSY and Natural SUSY currently stand. 

In this work we discuss the discovery potential of sce- 
narios where the large missing energy is completely ab- 
sent due to no additional assumptions on the stability 
of the LSP. We consider decays of the LSP mediated by 
coupling that violate R-parity [25-27[ , which must gener- 
ically be small not to be in contrast with observations (for 
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a review on R-parity breaking and bounds on the various 
coupHngs see Refs. [28, 29]). 

Despite the R-Parity Violating (RPV) couplings being 
small they can significantly alter the phenomenology of 
the lightest supersymmetric particle^. We focus on the 
case where the LSP is a stop squark that decays into a b 
and an s quark 

i-^bs. (1) 

We consider small RPV couplings to easily satisfy flavor 
constraints. This also allows us to neglect the single- 
resonance production of superpartners and to rely only 
on the model-independent pair-production from color 
gauge interactions. We assume however that the RPV 
couplings are large enough to give prompt decays of the 
stop^. 

We consider the flavor pattern of Eq. (1) because the 
RPV coupling involving the t, b and s flavors is among 
the least constrained and because it is motivated by the- 
ories that describe R-parity breaking in a predictive and 
controllable way [34-38]. 

The flavor content of the final state in the decay of 
Eq. (1) allows background rejection using 6-tagging tech- 
niques. Furthermore the fact that no new particle in the 
process is undetected opens the possibility to reconstruct 
the masses of the resonances and to improve the back- 
ground rejection. 

We consider stop masses above 100 GeV as dictated 
by previous searches of the RPV stop ]39]. Besides the 
lightest stop we are not assuming other light superpart- 
ners, therefore our result fills the gap left by other recent 
studies that assumed a light sbottom-stop doublet at the 
bottom of the SUSY spectrum. In fact in our study we do 
not exploit the leptons coming from electroweak currents 
that can dramatically help to reject the SM background. 
Hence our study applies to the two cases where either one 
or both the SU(2) singlet and doublet stop are light, in- 
cluding the case of a compressed third generation squark 
spectrum with m^^^ > m^^ or mj^^ ~ to^,^ > m^^ . 

The LHC experiments have already performed searches 
for scenarios where new physics does not give rise to large 
missing energy. For instance, they have been looking for 
the pair-production of colored resonances in the multi- 
jet final states [40-45[''. In particular, in Refs. [40-42[, 
searches have been presented for a final state with 4 hard 
jets, very similar to the one that we expect from 

pp ^ it ^ bbss . (2) 

The current analyses, however, are not sensitive to the 
presence of heavy flavors in the final state and do not 



^ See, for instance, Ref. [30] for a recent study of the decay patterns 
of supersymmetric particles in presence of RPV. 

^ For results on the case of long lived sbottom and stop giving rise 
to mesino-antimesino oscillations see Refs. [31—33]. 

* Further extensions of these searches to exploit the production 
regime of boosted resonances have also been proposed J46, 47]. 



place any bound on a triplet of color SU{3) such as the 
stop decaying into light jets [33[. 

Other studies of similar new physics objects appeared 
in Refs. [48-53[. However in these works no fiavor struc- 
ture of the final state could be exploited to isolate sig- 
nals. As such, our case of a flavored di-jet resonance from 
the stop is crucially different. Furthermore we develop a 
selection strategy signiflcantly different from those dis- 
cussed in earlier works (mainly in the identiflcation of 
the resonance candidates, see Section III). 

A more directly relevant earlier work is the one of 
Ref. [54[ where hadronic RPV stop decays have been con- 
sidered at the 14 TeV LHC. However the range of masses 
of interest for that work is rather shifted towards a higher 
and unnatural region. Furthermore we believe that a dis- 
cussion of the sharpness of the isolation of the searched 
di-jet peak is in order for a fully hadronic final state such 
as the one produced in the process of Eq. (2) . In fact we 
present the analysis putting the emphasis on the shapes 
of the background and the signal distributions. Finally, 
in contrast to Ref. [54[, we concentrate on the discovery 
chances of the ongoing run of the LHC at 8 TeV, therefore 
considering an integrated luminosity of around 20 fb^^. 

Compared to previous theoretical works we can use 
the experience from recent ATLAS [40, 41[ and CMS [42[ 
searches to compare two different approaches for the can- 
didate resonance reconstruction. We also use experience 
from data to address the issue of triggering on interesting 
events from "light" particles such as a stop of a few hun- 
dred GeV in the extremely complex and noisy environ- 
ment of the LHC. In particular we discuss how 5-tagging 
at trigger level, b-trigger in the following, can be used 
to have sustainable trigger rates while searching for low 
mass resonances, such as the light stop predicted by Nat- 
ural SUSY. 

With our work we intend to motivate experimental 
activity to search for the RPV stop, that is an under- 
investigated, though well motivated, case of a generic top 
partner, i.e. a partner of the top quark that, to stabi- 
lize the electroweak scale, is expected to have mass and 
couplings to the Higgs boson similar to those of the top 
quark. In this sense our work goes in the same direc- 
tion of the recent work of Ref. [55[ where direct pair- 
production of sbottom squarks or heavy stops decaying 
into lighter stops b tiW^*\ fa iih^*\ h ^ 
where ti — > jj, has been studied in the context of RPV 
SUSY^. 

We remark that our search strategy is mostly based 
on general considerations on the pair-production of di- 
jet resonances and therefore, except for differences in the 
selection efficiencies, is expected to also apply to other 
kinds of heavy-flavored di-jet resonances. For instance 
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the analysis could be applied to heavy fermionic partners 
of the bottom quark when they decay mostly as B ^ bg 
via a dimension 5 chromo-magnetic interaction. Hence, 
although being inspired by the search for the RPV stop, 
we can anticipate that the proposed experimental search 
can have a much wider reach. 

Our paper is organized as follows. In Section II we 
review the motivations for R-parity and we remind how 
these motivations are weakened once Natural SUSY is 
taken as an effective theory up to relatively low scales. 
We also briefly review possible ways to break R-parity in 
a controlled way. In Section III we describe our search 
strategy for the RPV stop and estimate the results of 
these searches at the LHC with -y/s = 8 TeV and an inte- 
grated luminosity of 20 fb~^. In Section IV we conclude. 

II. R-PARITY AND ITS BREAKING 

R-parity is a symmetry originally introduced to over- 
come the issues with baryon and lepton number conser- 
vation that arise when the SM is extended to be super- 
symmetric. With the minimal superfield content needed 
to make the SM supersymmetric [57], the model con- 
tains baryon number. B, and lepton number, L, violating 
terms already at the renormalizable level. These are the 
super-potential terms 

= X"UDD , (3) 

and 

= XLLE + X'QLD + ^I'LH^ . (4) 

From a theory perspective it looks appealing to forbid 
these terms by some dynamics, without explicitly impos- 
ing baryon and lepton number conservation, as it hap- 
pens in the SM, where baryon and lepton number con- 
servation arise as accidental symmetries from the gauge 
and Lorentz structure of the theory and its field content 
(in perturbation theory and barring small effects from 
possible Majorana masses for neutrinos). 

Requiring conservation of R-parity, defined as 
Rp = (-l)25'-i-3(-B-L)^ where S denotes the spin, the 
renormalizable superpotential terms of Eqs. (3) and (4) 
are forbidden and the effects of the violation of baryon 
and lepton numbers are pushed to the level of higher di- 
mensional operators [58, 59] of the type 

M^HDO oc UUDE . 

In SUSY models where all the mass scales beyond the 
TeV scale are close to the GUT scale R-parity is a viable 
symmetry to forbid too large baryon and lepton number 
violation. 

In the context of effective theories valid up to some in- 
termediate scale well below the GUT scale the motivation 
for R-parity becomes weaker. In fact the higher dimen- 
sional operators, which in general are allowed by R-parity 



and mediate and / transitions, may be suppressed by 
a too low scale to explain the stability of the proton. In 
this sense in a low scale SUSY model R-parity is not suf- 
ficient to make the model phenomenologically viable, and 
hence not a necessary ingredient of the model [11]. Other 
mechanisms need to be invoked to suppress the large $ 
and / transitions. 

Given the rather strong restrictions on the phe- 
nomenology implied by R-parity, we think that in the 
context of an effective theory for Natural SUSY, valid 
only up to 10-100 TeV, it is very well motivated to re- 
move the assumption of R-parity conservation. 

Remarkably the breaking of R-parity can be motivated 
also from a theory standpoint when the stringent require- 
ments of flavor physics experiments are taken as a guide- 
line for SUSY model building both in the context of ele- 
mentary and composite Higgs models [34-37]^. In these 
constructions the large mass of the top quark singles it 
out from the other lighter quarks. As a consequence of its 
special nature, and happily matching the available con- 
straints from experiments, the third generation can host 
larger RPV couplings. This is for instance the case in 
the decay of the t which, in the mentioned scenarios, has 
a preference to decay into heavy quarks. 



III. SEARCH STRATEGY 
A. 6-tagging and triggers 

A crucial issue to search for new physics in multi-jet 
final states is that of triggering. Due to the absence of 
other hard objects in the event the new physics must 
pass multi-jet triggers or "inelasticity" triggers such as a 
trigger on the scalar sum of the jets' px- 

The large cross section of QCD multi-jet production 
and the high instantaneous luminosity of the LHC forces 
us to put rather high thresholds for these fully hadronic 
triggers. This is illustrated well, for instance, by the 
evolution of the ATLAS searches. In Ref. ]41] the ATLAS 
Collaboration used low luminosity 2010 data and a first 
level trigger requiring at least four jets with a transverse 
momentum, pT, of at least 5 GeV. With that trigger new 
physics searches were carried out with px of the jets as 
low as 55 GeV. Instead in the search of Ref. [40] they used 
the much larger 2011 dataset and had to use a multi-jet 
trigger requiring at least four jets that had an almost fiat 
efficiency for pT > 80 GeV. 

The need to raise the trigger thresholds makes it diffi- 
cult to search for light states, that are less likely to give 
jets with sufficiently high transverse momentum. In fact 
the scale of the px of the jets from the decay of the pair 
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produced new physics resonances is typically a fraction 
of the mass of the resonance. 

Hereafter we consider the possibility of relying on the 
peculiarity of fe-quarks to deal with fully hadronic final 
states in a high luminosity regime, still keeping relatively 
low pt thresholds for the trigger. The possibility to use 
raw 6-tagging information at the trigger level in a high 
luminosity environment has already been demonstrated 
in several measurements of properties of the Standard 
Model, as for instance in the study of hadronic decays 
of the top quark [60, 61]. Thus, in the following we as- 
sume that the data has been recorded using a multi-jet 
trigger with one or more 6-tags at trigger level. How- 
ever it should be remarked that the 6-trigger is less and 
less needed as the considered resonance gets heavier. In 
fact in the following we consider also masses of the stop 
that should be well within the range of applicability of 
standard multi-jet triggers. 

The tagging of 6-jets is of course very important to 
isolate our signal and in fact is the main handle that we 
use to improve the bounds from [40-42] recasted for the 
RPV stop. For illustration we take the tagging efficiency 
to be eh = 0.66 and for simplicity we assume it not to 
depend on the value of pT and rj of the tagged jet. Since 
we only consider central jets, in a relatively narrow range 
oi Pt, these effects should be small. Taking as reference 
the recent assessment of the 6-tagging efficiency ]62, 63] 
we take the 6-tagging probabiHty to be less than 1% for 
a light jet and 10% for a charm jet. 



B. Analysis 

In this section we discuss the discovery potential of 
RPV stop pair-production in the process of Eq. (2) at the 
LHC at y/s = 8 TeV. For simplicity we assume that the 
stop decays into a b and a s quark 100% of the times. For 
our analysis we take two reference i masses rrij: = 200 GeV 
and 100 GeV. For TOj = 200 GeV the analysis can be car- 
ried out relying solely on triggers that have already been 
employed for this kind of searches. For rrij = 100 GeV 
instead it seems necessary to use ^-tagging information 
to reduce the trigger thresholds down to 50 GeV in the 
offline reconstruction of the fourth jet of the event^. The 
chosen values of the stop mass are well within the range 
indicated by the naturalness of the electroweak scale, 
thus the proposed analysis probes a very interesting sce- 
nario for Natural RPV SUSY. 

The main SM backgrounds to our signal are QCD 
multi-jet production and tt production. With the afore- 
mentioned 6-jet misidentification rate we checked that 



Although we are not aware of any pubhcly available analysis that 
uses a similar trigger on the 2012 data, an item very close to our 
trigger should be available in the trigger menu of the ATLAS 
experiment [64]. 



the QCD multi-jet production is dominantly due to 
pp — >■ bbjj and in the following we consider only this pro- 
cess for the QCD background. For the tt background we 
found that most of the rate comes from top decays with 
at least one W decaying hadronically. In this case we 
retain all the tt decay modes in our analysis. 

To isolate the signal we exploit its resonant structure 
as opposed to the incoherent nature of the QCD multi- 
jet background and the different resonant structure of 
tt production. In particular we attempt to reconstruct 
the two stop resonances and we identify the signal as 
a bump over a smooth distribution of the reconstructed 
resonance mass obtained with our reconstruction proce- 
dure. We put particular care in devising cuts that avoid 
as much as possible to produce a background distribu- 
tion that is too similar in shape to the signal. We work 
especially to obtain two distributions whose peaks are 
resolvable with the expected di-jet invariant mass reso- 
lution. Furthermore we aim to give a smoothly falling 
shape to the background in the vicinity of the expected 
bump, to make it more easily detectable by a suitable 
bump- hunting procedure (see, for instance, Ref. ]65]). 

Inspired by previous studies we consider two possible 
algorithms to pair the four final state jets in order to 
isolate the signal by fully reconstructing the two inter- 
mediate resonances: 

• Mass pairing ]42]: choose the two jet pairs (ab) and 
{cd) that minimize the quantity 

\mab-rncd\ 
Om = ^ ; (5) 

• Ai? pairing ]40, 41]: choose the two jet pairs {ab) 
and (cd) that minimize the quantity 

6ar ^ \ARab - l\ + \AR,d - l\ , (6) 

where rriij is the invariant mass of the (ij) pair and 

ARij — \J\Ariij\^ + \A(j)ij\^ is the angular distance be- 
tween two jets defined as a function of the azimutal angle 
(j) and the pseudorapidity rj — — log[tan |]. 

The mass pairing attempts to reconstruct the reso- 
nances by insisting on the pair-production of two reso- 
nances of identical mass. The Ai? pairing instead ex- 
ploits the fact that in the laboratory frame the decay 
products of each resonance tend to be collimated. This 
is especially the case for light resonances that are likely 
to be produced with a large boost. Furthermore the col- 
limation of the decay products is enhanced when consid- 
ering jets of Pt comparable to the mass of the resonance 
as we do in the following to isolate our signal from the 
background. 

We define the following kinematic variables that are 
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used in our analysis: 

rriab + rricd 



A^bcst = 

Ai?bost 
cos 9* = 



\Ar]ab\ + l^Vc 



A(f)ab + A(t>cd 



ARab + AR, 



cd 



„cm 1 cm 
Pza Pzb 

|pr + pri 



|pr + pri 



(7a) 
(7b) 
(7c) 
(7d) 
(7e) 



where 9* is the scattering angle of the reconstructed di- 
jet resonance in the center of mass frame, computed in 
the approximation of zero pT of the center of mass. 

We have observed that some crucial quantities such 
as TTibost are sensitive to detector effects and therefore 
have performed our analysis with the hard cross sec- 
tion computed at Leading Order (LO) with MadgraphS 
[66] and the PDF set CTEQ6L1 [67], soft QCD radia- 
tion simulated with Pythia 8 [68[ and detector response 
parametrized with Delphes 2.0 [69[. Jets have been made 
with Fastjet 2 [70, 71[ using the anti-fc^ algorithm with 
parameter R = 0.6 [72[. 

In order to verify that our simulation is consistent with 
experimental results we reproduced the ATLAS search 
for pair produced colored resonances in the four jet final 
state of Ref. [41[. After all kinematic selections we agree 
with the experimental analysis at the 30% level. Since the 
final state we are studying in the present work only differs 
from the one of the aforementioned ATLAS analysis by 
the relevance of the 6-tagging, which we take into account 
with a flat efficiency factor, we expect our predictions to 
be reasonably realistic. 

For each of the two cases. Mass pairing and AR pair- 
ing, we devised an optimized strategy to isolate the sig- 
nal. In doing so we explored selection strategies involv- 
ing, among others*, the quantities defined in Eqs. (7). 
For the AR pairing we are more easily able to obtain a 
smoothly falling shape for the background in the vicinity 
of the sought stop mass. Moreover, with the AR pair- 
ing we find a better signal over background ratio both 
in the overall rates and for mbcst in the vicinity of the 
relevant stop mass. Therefore the AR pairing seems to 
perform overall better than the Mass pairing in terms of 
the sharpness of the isolation of the new physics contri- 
bution. This gain in clarity of the observation may not 
always correspond to a better statistical significance, de- 
pending on the total efficiency of the selections. However 
we decided to insist on the AR pairing to pursue as much 
as possible the clarity of the observation of new physics. 
In presence of the large uncertainties that are inherent in 



In particular we considered extra selection involving the trans- 
verse sphericity, the sphericity and the quantity A defined in 
Ref. [42]. 



the QCD background this seems to be the most robust 
way to assess the presence of new physics. 

In our analysis we consider events with at least four 
jets satisfying the following requirements: 



PT.j > , 


h\<2.8, 


ARjj > 0.7, 


5,n < 0.075 , 


\cos0* \ < 0.4, 


Ai?best < 1-5 , 


A?7bost < 0.8 . 







(8) 



The signal is identified bump in the rribest distri- 
bution as shown in Figure 1 (upper row). The bin size 
chosen to plot the mbcst distribution corresponds to 10% 
of the resonance mass that we consider. This choice is 
consistent with the expected experimental resolution on 
the di-jet invariant mass. The efficiencies of the selec- 
tions and the LO cross sections used in the calculation 
are collected in Table I for the two choices = 100 GeV 
and TTij = 200 GeV. It is clear from the Figure that there 
can be several bins with a signal over background ratio 
well above 10%. We estimate that with a luminosity of 
about 20/fb the observation can be made at about the 
5(7 confidence level for both choices of the stop mass that 
we consider. 

However we notice that the separation of the back- 
ground and signal peaks is marginal with the expected 
resolution in the di-jet invariant mass. Depending on the 
performances of the experiments on this quantity it may 
be desirable to obtain a better separation between the 
signal and the background peaks. To achieve this we can 
enforce a tighter cut on Ai?bcst, which pushes the back- 
ground peak towards smaller values of Wbcst • To display 
the attainable peak separation we show, in the lower row 
of Figure 1, the results for 



AR 



■best 



< 1 



The signal in this case can be clearly identified as a dis- 
tinct peak on a smoothly falling background shape, a 
situation that improves the possibility to observe or ex- 
clude the new physics. We notice however that tight- 
ening the requirement on A_Rbcst in general reduces the 
achievable statistical significance of the observation. We 
leave the detailed study of the best balance between the 
significance and the reduction of uncertainties in the ob- 
servation to the experimental collaborations. Most of the 
result of this kind of optimization depends in fact on the 
actual detailed performances of the detectors. 



IV. CONCLUSIONS 

In this paper we discussed the discovery potential of 
the LHC of pair-production of heavy flavored di-jet reso- 
nances. We studied the well motivated example of the 
RPV stop in detail. However our analysis, with mi- 
nor modifications, can be applied to other types of new 
physics that result in the 262j final state. Our study 
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Figure 1: mbest distribution for the two analyses for = 100 GeV (left) and rrif — 200 GeV (right). The upper row 
corresponds to a loose selection ATibest < 1.5 that can give higher significance at the price of less resolved shapes for the 
background and the signal. The lower row corresponds to a tighter selection Ai?bcst < 1 that privileges a sharper separation 
of signal and background. 



was carried out including the effect of QCD radiation 
and detector reconstruction effects on the final state of 
the hard collision. We employed the angular method of 
Refs. [40, 41] to identify the candidate reconstructed stop 
resonances and showed that, with suitable selections, the 
production of stops can result in a bump in the distri- 
bution of TObest, the mass of the candidate resonances. 
We also showed that the shape of the Wbost background 
distribution can be modified to be more favorable for the 
identification of the signal by applying cuts on suitable 
angular variables. 

In particular we identified the kinematic variable 
Ai?best SI'S the quantity to better control the background 
shape and enforce a separation between the signal and 
the background peaks sufficient to be resolved with the 
experimental resolution on the invariant mass of the sys- 
tem of two jets. Figure 1 shows the difference in the result 
that can be induced by adjusting the cut on Ai?best- The 
same Figure also clearly shows that the signal of stop pro- 
duction can be observed with a signal over background 
ratio of the order of 10% in several bins around the mass 
of the resonance. 

For the case of a lighter stop, for instance the case 
of nij: = 100 GeV that we studied explicitly, we high- 
lighted the importance of having low thresholds in the 



triggers in order to retain most of the signal from light 
stop production. In this respect we welcome the advent 
of 6-jet identification at trigger level in the LHC experi- 
ments that allows us to keep low trigger thresholds even 
in a high instaneous luminosity environment such as the 
2012 run of the LHC. Alternatively, for light stop masses 
the events could pass a trigger for multiple jets thanks 
to the presence of hard, hence costly in terms of produc- 
tion rate, extra QCD radiation. While this is certainly 
an interesting way to look for light colored resonances at 
the LHC we did not study this possibility which is, how- 
ever, an interesting check for observations carried out 
with our method. Finally we encourage the experiments 
to broaden their program for the search of new physics 
connected with the naturalness of the electroweak scale. 
In particular we encourage them to carry out heavy fla- 
vored multi-jet searches that can probe large parts of the 
parameters space of scenarios of natural supersymmetric 
theories with R-parity violation. 
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Table I: Signal and background efficiencies after the kinematic selections of Eq. (8) at the LHC at y^i — 8 TeV using the AR 
pairing, e'^' is the efficiency of the single cut independently of the others, e is the global efficiency of the cuts at and above 
that line in the table, is the efficiency of the cut with respect to the previous line. The numbers in parenthesis are the 

total cross sections computed at LO with MadgraphS. 
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0.82 




0.88 
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0.11 


0.0085 
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'This QCD cross section is computed taking px > 75 GeV, |»7| < 3.5 and AR > 0.4 for the matrix element computation. 
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